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lkj & bl 'kks/k&i= esa jk¡ph ds 35 o"kksZa ¼1970-2004½ ds tyok;q laca/kh vk¡dMksa dk mi;ksx djrs gq, 

ty larqyu ds v/;;u fd, x, gSA jk¡ph dh okf"kZd ty dh vko’;drk 1754 fe-eh-] o"kkZ  1460 fe-eh-] 
okLrfod ok"iu ok"iksRltZu 860 fe-eh-] ty vf/kdrk ¼MCY;w-,l-½ 600 fe- eh- vkSj ty dh deh 894 fe-eh- 
gS bl {ks= esa iMs+ lw[ks dh ckjEckjrk dk fu/kkZj.k djus ds fy, 'kq"drk lwpdkad ekuksa dk fo’ys"k.k fd;k x;k 
gSA bl v/;;u ls irk pyk gS fd mDr vof/k esa jk¡ph esa cgqr vf/kd lw[kk vkSj vR;f/kd lw[ks dk        
11 izfr’kr lw[kk iMk fdUrq 35 o"kksZa esa Hk;adj lw[ks dk dsoy 3 izfr’kr lw[kk iMkA e/;e lw[kk Js.kh        
23 izfr’kr dh laHkkO;rk lfgr  lcls vf/kd lkekU; ikbZ xbZ gS bu vof/k;ksa ds fo’ys"k.k ls lEc) lw[ks ls 
;g irk pyk gS fd o"kZ 1980-84 vkSj o"kZ 1995-99 ds ik¡p o"kksZa dh vof/k esa e/;e] cgqr vf/kd vkSj Hk;adj 
lw[kk iMk gSA 

 
 
ABSTRACT. Studies of water balance have been carried out for Ranchi taking 35 years (1970-2004) of climate 

data. Ranchi has annual water need of 1754 mm, rainfall of 1460 mm, actual evapotranspiration (AE) of 860 mm, water 
surplus (WS) of 600 mm and water deficit (WD) of 894 mm. The aridity index values were analyzed to assess the 
frequency of drought experienced of this region. The study reveals that during the above period, Ranchi has experienced 
11 percent of large drought and severe drought, but only 3 per cent disastrous droughts in 35 years. Moderate drought 
category is observed to be most common with 23 per cent probability. Analyses of periods will contagious drought 
indicate that during the five year period 1980-84 and 1995-99, moderate, large and severe droughts were experienced. 
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1. Introduction  
 

The climatic water balance technique is an unique 
tool to assess the agroclimatic potential of any region 
(Pandey and Sheikh 1999). The water balance of an area is 
an itemised statement of all gains, losses and changes of 
storage of water occurring in a given area within specified 
boundaries during a specified period of time. Knowledge 
of water balance is necessary to evaluate the possible 
periods of water surplus and water deficit and there in 
parts on plant growth and productivity besides helping in 
identifying the possible methods to minimize loss and to 
maximize gain. Utilization of water, which is so often the 
limiting factor in crop production could be effectively 
managed through better understanding of the water 
balance components in relation to plant water needs. 

An approach to study in the climatic water balance 
was first enunciated by (Thornthwaite and Mather 1948) 
and later modified by  (Thornthwaite and Mather1955). 
This water balance approach was applied by 
(Subrahmanyam et al., 1970) for assessing the potential of 
Godavari river basin. They computed water surplus, water 
deficit and actual evapotranspiration for the entire basin 
by utilizing the precipitation and temperature data of 56 
stations in the region. Similar study was carried out by 
(Nale and Correia 1985), who carried out weekly water 
balance of Udaipur region for individual years during 
1977-1981.  

 
As far as agricultural productivity is concerned study 

of droughts is very important as it helps in planning short- 
term  agricultural  operations  more  efficiently. According
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TABLE 1   
 

Mean weekly climatic water balance at Ranchi (1970-2004) 
 

Weeks PPT (mm) PET (mm) SM (mm) AET (mm) SPL (mm) RO (mm) DEF (mm) AET/PET 

1 1.9 23.8 1.0 2.1 0.0 0.0 21.7 0.09 

2 2.6 24.4 0.9 2.7 0.0 0.0 21.7 0.11 

3 4.7 25.3 0.8 4.8 0.0 0.0 20.5 0.19 

4 7.2 27.1 0.7 7.3 0.0 0.0 19.8 0.27 

5 4.7 28.8 0.7 4.7 0.0 0.0 24.2 0.16 

6 9.0 30.6 0.7 9.0 0.0 0.0 21.6 0.30 

7 8.6 32.4 0.7 8.6 0.0 0.0 23.8 0.26 

8 4.8 34.7 0.9 4.6 0.0 0.0 30.1 0.13 

9 8.5 36.7 1.0 8.4 0.0 0.0 28.2 0.23 

10 4.6 38.7 1.2 4.4 0.0 0.0 34.3 0.11 

11 4.2 40.7 1.4 4.0 0.0 0.0 36.7 0.10 

12 4.6 42.0 1.5 4.5 0.0 0.0 37.6 0.11 

13 7.7 43.2 1.5 7.7 0.0 0.0 35.5 0.18 

14 3.9 44.4 1.7 3.7 0.0 0.0 40.7 0.08 

15 3.6 45.6 1.9 3.4 0.0 0.0 42.2 0.08 

16 7.7 46.8 1.8 7.8 0.0 0.0 39.1 0.17 

17 8.2 47.4 1.8 8.2 0.0 0.0 39.2 0.17 

18 7.9 48.3 1.8 7.9 0.0 0.0 40.4 0.16 

19 9.6 49.1 1.8 9.6 0.0 0.0 39.4 0.20 

20 16.0 49.9 1.6 16.2 0.0 0.0 33.7 0.32 

21 16.9 48.6 1.4 17.1 0.0 0.0 31.6 0.35 

22 12.0 47.7 1.5 12.0 0.0 0.0 35.8 0.25 

23 29.9 46.8 1.2 30.2 0.0 0.0 16.6 0.64 

24 39.6 46.0 1.0 39.7 0.0 0.0 6.2 0.87 

25 80.1 43.0 38.1 43.0 0.0 0.0 0.0 1.00 

26 89.1 39.7 50.0 39.7 37.5 18.8 0.0 1.00 

27 69.9 36.4 50.0 36.4 33.5 26.1 0.0 1.00 

28 87.7 33.1 50.0 33.1 54.6 40.4 0.0 1.00 

29 90.4 29.8 50.0 29.8 60.6 50.5 0.0 1.00 

30 94.6 31.3 50.0 31.3 63.3 56.9 0.0 1.00 

31 81.3 31.1 50.0 31.1 50.2 53.5 0.0 1.00 

32 67.5 30.8 50.0 30.8 36.7 45.1 0.0 1.00 

33 81.1 30.6 50.0 30.6 50.5 47.8 0.0 1.00 
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TABLE 1 (Contd.)  

Weeks PPT (mm) PET (mm) SM (mm) AET (mm) SPL (mm) RO (mm) DEF (mm) AET/PET 

34 61.2 30.0 50.0 30.0 31.3 39.5 0.0 1.00 

35 75.2 29.3 50.0 29.3 45.9 42.7 0.0 1.00 

36 79.0 28.7 50.0 28.7 50.3 46.5 0.0 1.00 

37 70.5 28.0 50.0 28.0 42.5 44.5 0.0 1.00 

38 58.7 27.9 50.0 27.9 30.8 37.7 0.0 1.00 

39 39.1 27.9 50.0 27.9 11.2 24.5 0.0 1.00 

40 25.1 27.9 47.3 27.8 0.0 12.2 0.1 1.00 

41 21.0 27.9 41.2 27.1 0.0 6.1 0.8 0.97 

42 17.4 27.9 33.4 25.2 0.0 3.1 2.7 0.90 

43 10.8 26.8 24.2 19.9 0.0 1.5 6.9 0.74 

44 6.9 26.0 16.6 14.5 0.0 0.8 11.5 0.56 

45 4.9 25.1 11.2 10.3 0.0 0.4 14.8 0.41 

46 2.8 24.3 7.5 6.5 0.0 0.2 17.7 0.27 

47 3.7 23.8 5.2 6.0 0.0 0.1 17.8 0.25 

48 3.3 23.3 3.6 4.8 0.0 0.0 18.5 0.21 

49 0.3 22.9 2.5 1.4 0.0 0.0 21.5 0.06 

50 2.3 22.4 1.9 3.0 0.0 0.0 19.4 0.13 

51 2.0 22.6 1.4 2.4 0.0 0.0 20.2 0.11 

52 5.0 26.5 1.2 5.3 0.0 0.0 21.2 0.20 

 1460 1754  860 600 600 894  

 
 
 
 
to Thornthwaite and Mather (1955) drought is a situation 
in which the amount of water needed for potential 
evapotranspiration exceeds the amount available from 
precipitation and from the soil. However, plants can with 
stand moisture stress upto 50 percent of its potential need 
(AE/PE) beyond which the stress can reduce plants yields 
significantly. 

 
In the present study the water balance of Ranchi for 

individual years from 1970 to 2004 have been computed. 
The drought periods for the above place have been 
categorized and pentinnial frequency of drought 
occurrence has been determined. 

 
2. Material & methods 

 
Ranchi experiences tropical climate where the mean 

rainfall is 1460 mm and 65 % of it is received during 

monsoon months of June to September. The normal 
weekly rainfall and potential evapotranspiration (Rao,        
et al., 1971) were utilized to work out the water balance 
components. 

 
 Daily rainfall data were collected for a period of 35 

years from 1970 to 2004 from the Department of 
Agriculture, Physics & Meteorology, (Birsa Agricultural 
University), Ranchi. The weekly water balance 
computations were done for individual years following of 
(Thornthwaite and Mather, 1955) method to estimate        
the elements of water balance; viz., actual 
evapotranspiration (AE), water surplus (WS) and water 
deficit (WD).  

 
For the study of drought with reference to their 

intensity and frequency, the aridity index (Ia)                    
of   Thornthwaite   has   been   found   to  be  a very useful  
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TABLE 2 
 

Yearly aridity indices at Ranchi 
 

Years Ia (Aridity Index) = DEF/PET*100 Departure (%) Years Ia (Aridity Index) = DEF/PET*100 Departure (%) 

1970 63 13 1988 56 0 

1971 49 -12 1989 54 -4 

1972 64 14 1990 48 -14 

1973 53 -5 1991 49 -12 

1974 63 12 1992 58 3 

1975 56 -1 1993 55 -3 

1976 61 9 1994 56 -1 

1977 54 -4 1995 57 3 

1978 54 -3 1996 59 5 

1979 65 15 1997 52 -8 

1980 57 2 1998 49 -13 

1981 53 -6 1999 56 1 

1982 59 5 2000 59 6 

1983 60 7 2001 57 1 

1984 59 6 2002 57 1 

1985 51 -8 2003 54 -4 

1986 49 -12 2004 58 4 

1987 52 -8    
 

Note :  Median values of Ia  : 56 
       Standard deviation     : 4  

 
 
 
 

TABLE 3 
 

Categorization of drought years based upon Aridity index (Ia) based on data for 1970-2004 at Ranchi region 
 

Years 1/2α 1/2α to α α to 2α > 2α 

Moderate Large Severe Disastrous 

1970-74   3  

1975-79 1  1 1 

1980-84 1 3   

1985-89 0    

1990-94 1    

1995-99 2 1   

2000-04 3    

Total  8 4 4 1 

% of Drought  23 11 11 3 
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parameters (Subrahmanyam and Subramaniam 1965 and 
Subrahmanyam, 1982).  Utilizing this method, the years of 
drought were identified and their intensities were assessed 
through a study of the departure of the Ia from the median 
value, following (Subrahmanyam, 1982 and Singh, 2005) 

 
 

Categorization of Drought  

Departure of the Ia  

From the median value Drought intensity 

Less than ½ σ  moderate 

½ σ to σ large 

σ  to 2 σ severe 

Greater than 2 σ disastrous 

(σ indicates standard 
deviation) 

 

 
Ia = Aridity index, being the percentage ratio of the 

total annual water deficit (WD) to the total annual water 
need (WN). 
 
 
3.  Results and discussion 

 
Available water holding capacity for the soils of 

Ranchi region was assumed as 200 mm. Result of the 
climatic water balance of Ranchi in the Jharkhand state 
(Table 1) show that the highest mean weekly rainfall is 
94.4 mm occurring in the 30th week. The weekly water 
surplus is 11 mm to 63 mm in the major crop growing 
weeks from 26th to 39th. Again it is revealed that on annual 
basis potential evapotranspiration (PE) exceeds 
precipitation (P) and the total annual water deficit during 
the year on average comes to 893.6 mm. 

 
 
The weekly water balance indicates that the total 

annual water surplus to be 600 mm. Out of 52 weeks, only 
14th are water surplus weeks, which help in  recharging 
the soil profile moisture as well as provide deep drainage 
(when soil moisture storage exceeds water holding 
capacity of the soil). In the rest of the weeks there is water 
deficit. On an annual basis the area has a water need 
(PET) of 1754 mm, where as the rainfall (P) is 1460 mm 
and actual evapotranspiration (AET) is 860 mm. 

 
 
 Annual aridity reached a value of 65 (Table 2) in the 

disastrous year 1979 with 15 per cent departure from the 
median value of 56. The departure values show the years 

1970, 1972, 1974 and 1976 as experiencing severe 
drought with aridity index around 64 to 61. 

 
The Characterization of aridity index for Ranchi 

(Table 3) reveals that, during the period under study, the 
station experienced 8 moderate, 4 severe and large 
droughts but  only 1 disastrous drought in 35 years.  

 
Pentinnial (five – year periods) frequency of drought 

is in Table 3 as suggested by (Paul et al., 1999). All the 5 
years had experienced drought of different categories. 
Moderate drought category is the most common with 23 
per cent while large and severe droughts are 11 per cent. 
But the disastrous drought is only 3 per cent in 35 years. 
During the five year period 1975-79 moderate, severe and 
disastrous droughts were experienced. Prevalence of 
moderate drought category is a common feature in all the 
pentinnial periods considered here.    

 
4. Conclusion 

 
The study reveals that, on mean annual basis,          

the station has water need of 1754 mm, the rainfall is  
1460 mm and actual evapotranspiration is 860 mm, water 
surplus is 600 mm and water deficit is 894 mm. Out of 
52nd week, only 26th week to 39th week are water surplus. 
For the rest weeks are water deficit and the surplus 14th 
weeks recharge the soil mass. Since water surplus is in 
excess of rainfall over the water needs of the atmosphere. 
The march of aridity index at the station showed 
occurrence of 8 moderate, 4 severe and large drought and 
only 1disastrous drought years. 
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